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(54) Automatic analyzer and analysis system using photomultiplier tube

(57) An automatic analyzer for analyzing lumines-
cence of a sample, comprises a photomultiplier (PMT)
detector, sensitivity control means for controlling the sen-
sitivity of the detector, memory means for preliminarily

storing plural sensitivity control values for the sensitivity
control means, and switching means for choosing one of
me plural sensitivity control values depending on an ob-
ject of measurement, such as a concentration range of
a measurement item.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an automatic
analyzer which performs qualitative and quantitative
analysis of chemical constituents based on changes in
optical characteristics and, in particular, to such automat-
ic analyzer and analysis systems which use photomulti-
plier tubes as detectors.

2. Description of the Related Art

[0002] The heterogeneous immunoassay exists as a
method for assaying hormones and other chemical con-
stituents contained in very small quantities in blood and
the like. In this method, a luminescent reaction, such as
a chemiluminescence as described in JP-A-2003-50204
or an enzyme-based electrochemiluminescence as de-
scribed in JP-A-11-507726, is detected by a photomulti-
plier tube. A calibration technique for a photomultiplier
tube is disclosed in JP-A-59-125043. In this technique,
a spectrophotometer has a plurality of calibration curves
associated with a plurality of detection sensitivities of a
photomultiplier tube. Further, a signal processing tech-
nique for a photomultiplier tube-used detection system
in a chemiluminescent method as mentioned above is
disclosed in JP-A-2007-85804.
[0003] As clinical examination, concentrations of
chemical substances contained in blood, urine and other
body fluids, such as proteins, lipids, sugar, ions and their
constituents, are quantitatively measured. The clinical
examination apparatus includes an automatic analyzer
where preparation of an aliquot of a body fluid or other
liquid sample; mixture of the aliquot with a reagent; and
measurement of the change of a substance contained in
the reagent as a result of reaction with the reagent are
performed. Such an automatic analyzer is configured so
that the processes required for analysis, including mix-
ture of a sample with a reagent and reaction at a constant
temperature, are successively performed at given times.
Many of these automatic analyzer use optical sensors
as the final detecting means. For example, the spectro-
photometric method illuminates a reaction solution con-
tained in a transparent vessel with light and detects how
the light is attenuated by the reaction solution. In this
case, a halogen lamp or xenon lamp is conventionally
used as the light source while a photodiode is commonly
used in the detector. The detector incorporates a diffrac-
tion grating-used spectrometer, optical filter and light-
guiding fiber optics. For still higher sensitivity analysis,
the chemiluminescent method exists. In this case, the
intensity of luminescence which is obtained by chemical
reaction depending on the amount of the target analyte
is detected by such a device as a photomultiplier tube.
[0004] In designing a detection system, the degree of

the signal change obtainable by chemical reaction and
the geometry, such as the optical path length, of the re-
action vessel are considered. There is a general tenden-
cy toward the use of smaller reaction vessels and the
detection of smaller amounts.
[0005] In designing a measurement system, it is nec-
essary to cover the resolution and measurement range
required for clinical examination. The resolution is deter-
mined separately for the normal range and each of the
abnormal ranges associated with assumed illnesses. In
the case of health examination, the primary diagnosis is
to judge whether the concentration is within the normal
range. If not within the normal range, a treatment is se-
lected according to the cause of the illness deduced from
the range within which the concentration falls.
[0006] Generally, blood electrolytes, such as sodium,
potassium and chlorine ions, have high molar concen-
trations kept normally within very narrow ranges. For ex-
ample, the normal concentration range of sodium is con-
sidered to be 135 to 149 mEq/l or as narrow as minus
5% to plus 5%. Likewise, the normal concentration of
serum proteins is considered to be 6.3 to 7.8 g/dl or minus
10% to plus 10%. This is because since these substances
play roles in regulating the serum osmotic pressure, bi-
ological activities themselves cannot be sustained if
these concentrations greatly deviate. In this case, con-
centration data from a population has a single-peaked
distribution such as a linear/logarithmic normal distribu-
tion and the sensitivity is determined depending on the
maximum deviation from the mean value to be covered
by measurement. In terms of mean value and standard
deviation, the detection sensitivity and the reagent con-
centration are determined so as to cover the range of,
for example, the mean value minus 5SD to the mean
value plus 5SD by measurement.
[0007] In the case of extremely low concentration sub-
stances such as hormones, their concentrations do not
greatly affect the homeostasis and may vary remarkably
widely. For example, thyroid stimulating hormone in
blood is detected by high sensitivity immunoreaction-
used analysis. In this case, it is necessary to be able to
measure concentrations over the 100000 times range of
0.001 PIU/ml to 100 PIU/ml. Further, specific resolutions
are required respectively for the extremely low, normal
and high ranges of concentration since the data obtained
in each concentration range has a different purpose. For
such an analyte, more than one reagents differing in sen-
sitivity are used as the case may be although the same
substance is measured. However, it is not economically
allowed to provide more than one dedicated reagents for
an analyte which is not so frequently targeted for meas-
urement. It is therefore usual to substantially increase
the detection sensitivities by setting the detector and re-
agent for high sensitivity and, in the case of high concen-
tration, diluting the sample by several to several hundred
times. However, in the case of an extremely low concen-
tration substance which has reached a state of concen-
tration equilibrium in the presence of other serum con-
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stituents, if dilution is done with saline, the signal quantity
may not change in accordance with the dilution rate. In
such a case, a BSA (bovine serum albumin)-contained
solution may have to be used for dilution.
[0008] To solve the above mentioned problem, it is
necessary to substantially widen the sensitivity of the de-
tector side.

SUMMARY OF THE INVENTION

[0009] Generally, such high sensitivity analysis uses
a photomultiplier, a kind of vacuum tube. Inside the vac-
uum tube, a high voltage of about 1000V is applied be-
tween the cathode and the anode. By using this potential
difference, light incident on the cathode surface of the
photomultiplier tube is multiplied by several thousand to
several ten thousand times. Finally, the multiplied light
is converted into a current or voltage. This photomultiplier
tube is subject to noise due to thermal electrons when
the incident light intensity is low whereas it may cause
saturation, making unstable the output when the incident
light intensity is high. Accordingly, the concentration of
the measuring reagent must be determined so that the
lowest signal quantity will become higher than the quan-
tity below which noise due to thermal electrons has in-
fluence and the highest signal quantity will become lower
than the quantity beyond which saturation occurs. In par-
ticular, saturation poses a problem of lowered repeata-
bility. It is an object of the present invention to provide
an automatic analyzer and analysis system capable of
obtaining stable measurement results for different ana-
lytes even if targets to be measured are different.
[0010] To attain the above mentioned object, an em-
bodiment in accordance with the present invention is
such that a detector used for detection has a function to
adjust the sensitivity thereof in advance, an optimum sen-
sitivity is selected for each of plural measurement items
according to the requested concentration range and the
concentration is calculated based on the calibration curve
or correction formula prepared for the sensitivity range
which encompasses the selected sensitivity. Back-
ground measurement and signal measurement may be
performed with two or more sensitivities for each item.
In this case, the signal obtained with the most appropriate
sensitivity may be selected.
[0011] By using the same measurement system and
measuring reagent, it is possible to measure a wider
range of concentration with better repeatability and high-
er reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Fig. 1 is a block diagram of a detection system having
a photomultiplier tube.
Fig. 2 shows a plurality of concentration vs. output
signal calibration curves for respective different sen-

sitivities.
Fig. 3 is an illustration for describing how a detection
sensitivity is selected for a requested measurement.
Fig. 4 shows a photomultiplier tube-used detecting
division in a chemiluminescent method.
Fig. 5 shows an automatic sensitivity control method
for flat luminescence.
Fig. 6 shows an automatic sensitivity control method
for spiky luminescence.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0013] Embodiments of the present invention will be
described below with reference to the drawings.

[Embodiment 1]

[0014] First, Fig. 1 shows an embodiment of a detec-
tion system which employs a photomultiplier tube as a
detector. In the present embodiment, for example, thyroid
stimulating hormone (TSH) is given three concentration
ranges: (1) extremely low concentration range due to ill-
ness, (2) normal concentration range, and (3) high con-
centration range due to illness.
[0015] Fig. 1 illustrates the configuration of the analysis
system. In the analysis system, request information, from
a host system 101 governing an analysis part 102, is
accepted at a measurement request information input
section 111. It is assumed that plural measurement items
are requested for each sample. By an item-specific de-
tection sensitivity select section 112, an item-specific de-
tection sensitivity is selected for the current item of the
current sample according to an item-specific detection
sensitivity select table 121. In this case, it is also possible
to construct a logic to access the host system 101 and
determine a detection sensitivity according to a concen-
tration range predictable from the range of past meas-
ured data, past other item data, probable diseases and
others. According to the thus obtained detection sensi-
tivity, a sensitivity-determining high voltage specification
unit 113 specifies a specific voltage to a high voltage
generator 114. According to the specified voltage, the
high voltage generator 114 applies a high voltage ap-
proximately in the 1000V range to a photomultiplier tube
which constitutes a detector section 115. The high volt-
age is, for example, 600V to 1100V. Accordingly, light is
emitted depending on the concentration of the analyte in
the sample which was prepared and reacted in associa-
tion with the measurement request information input sec-
tion 111. For example, light emission may be caused by
such a chemiluminescent method as described in JP-A-
2003-50204. The emitted light is converted to a current
and output to a current-voltage conversion amplifier 117.
A voltage signal obtained through conversion by the cur-
rent-voltage conversion amplifier 117 is converted to a
digital signal by an analog digital (A/D) converter 118.
From the digital signal, a feature is calculated by a feature
calculating section 119. For example, the feature is cal-
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culated by such an integration method as disclosed in
JP-A-2007-85804. The calculated feature is converted
to a concentration by a sensitivity-specific calibration
curve table 122 prepared in advance and reported to the
host system 101 by a concentration output section 124.
[0016] With reference to Fig. 2, the following provides
a detailed description of the relation between the sensi-
tivity and the feature. For a given measurement item, the
horizontal axis represents the concentration 201 while
the vertical axis represents the output signal 202 as a
feature. Here, three calibration curves or relations be-
tween the concentration 201 and the output signal 202
respectively at three different detection sensitivities are
denoted as high sensitivity mode 211, intermediate sen-
sitivity mode 221, and low sensitivity mode 231. For ex-
ample, if the lower and upper limits of the voltage applied
to the photomultiplier tube are 600V and 1100V, 1000V
is applied in the high sensitivity mode 211, 850V is ap-
plied in the intermediate mode 221, and 700V is applied
in the low sensitivity mode 231. By considering a range
of �100V as the individual specificity of each photomul-
tiplier tube, a margin of 100V is left to each of the upper
and lower limits in order to absorb the specificity. If thyroid
stimulating hormone (TSH) must be measured at high
sensitivity, the condition is set so as to follow the analyt-
ical curve of the high sensitivity mode 211. To check if
the concentration is within the normal range, the inter-
mediate mode 221 is used. Further, in the case of a dis-
ease associated with high concentration, the low sensi-
tivity mode 231 is used. In the embodiment, with priority
given to linearity, only the linear part of each sensitivity
mode is used. Generally, a photomultiplier tube has such
a tendency that due to noise, the output signal is some-
what higher than expected linearly when the intensity of
light is low and, due to saturation, the output signal is
somewhat lower than expected linearly and poor in re-
producibility when the intensity of light is high. By using
the central linear part of each sensitivity mode, it is pos-
sible to secure good linearity and facilitate conversion to
a concentration and its correction.
[0017] The following describes the concept of items
and detection sensitivities in the item-specific detection
sensitivity select table 121 of Fig. 1. Fig. 3 shows an
analysis flow. For an analysis, after a sample is taken, a
test item is registered to the system for measurement at
351. Then, a sensitivity is selected at 352. By the item-
disease-sensitivity association table 360 which is a col-
lection of predefined rules, the sensitivity may be select-
ed automatically according to such information as the
condition of the sample, underlying disease inferred from
a diagnostic interview, medical history and past meas-
ured values. Then, at 353, measurement is performed
and a signal quantity or a feature calculated from the
signal is obtained. In the present specification, informa-
tion obtained by physical measurement is called a fea-
ture. By using an analytical curve corresponding to the
feature obtained at 354 and the sensitivity selected to
obtain this feature, a concentration is calculated and re-

ported as the concentration of the analyte in the sample
at 355.

[Embodiment 2]

[0018] The following describes how the concentration
measurement range is adjusted for a single measure-
ment. First, Fig. 4 shows the detecting division of a sys-
tem to perform this measurement. A main controller in-
dicated at 401 controls the detector section. A reaction
vessel 431 is a vessel for causing chemiluminescence
therein. A luminescent substance, combined with mag-
netic particles is contained in this vessel. A correspond-
ing chemiluminescent method is disclosed in JP-A-
2007-85804. A pump A 411 adds a liquid from a reagent
tank TA 412 to the luminescent substance through a noz-
zle 413. Then, a pump B 421 adds a liquid from a tank
TB 422 through a nozzle 423. Due to chemical reaction
with these added liquids, a light emitting part 432 emits
light. This light is detected by a photomultiplier tube 441.
The light to be incident on the photomultiplier tube may
be filtrated by a filter 440. Choosing from a plurality of
displaceable filters may also be realized. The photomul-
tiplier tube 441 follows a digital sensitivity specification
given by the main controller 401. By a converter 442, this
sensitivity specification is converted to an analog voltage
input to a high voltage generator 443 to adjust the sen-
sitivity of the photomultiplier tube 441. A faint current sig-
nal obtained from the photomultiplier tube is converted
to a voltage signal by a logarithmic amplifier 444 and
further sent by an analog-digital converter 445 to the main
controller 401 as a signal quantity for a predetermined
unit of time.
[0019] Fig. 5 illustrates how data are processed time-
sequentially. An applied voltage 511 to the photomulti-
plier tube, which indicates a sensitivity of the photomul-
tiplier tube is indicated by the reference numeral 512
time-sequentially along the same time axis 518. And a
signal obtained from the photomultiplier tube is plotted
with the reference numeral 522 time-sequentially along
the same time axis 518. Shown in this figure is from timing
(t0) 530 at which background measurement is started to
timing (t7) 537 at which data acquisition for feature cal-
culation is completed. First, background measurement
is done from timing (t0) 530 until timing (t1) 531 to obtain
an average value 541. During this period, the applied
voltage 512 is at the high sensitivity side 515. Then, at
timing (t1) 531, the voltage applied to the photomultiplier
tube is set to the low sensitivity side 515. After settled,
the second background 542 is obtained from timing (t2)
532. Then, at timing (t3) 533, a reagent is injected from
the nozzle 423 to initiate luminescence. Timing (t4) 534
at which luminescence is expected to become flat is pre-
determined with a margin. Excluding the background 542
obtained at the same applied voltage, the signal is inte-
grated with respect to time from timing (t4) 534 to timing
(t5) 535. The resulting effective integration 543 is report-
ed as a feature. Further, after the applied voltage is set
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to the high sensitivity side 514 at timing (t5) 535, the
signal is integrated with respect to time excluding the
background 541. The resulting effective integration 544
is reported as a feature. Of these features, the feature
for which sensitivity-based analytical curve has a higher
linearity part around the feature is used to calculate the
concentration. Although the description so far assumes
that the detection sensitivity is controlled time-sequen-
tially only by changing the voltage applied to the photo-
multiplier tube 441, the same effect may also be obtained
by time-sequentially switching the object of measure-
ment. For example, wavelengths may be filtered selec-
tively by the filter 450 or a filter may be selected alter-
nately from a red filter for low sensitivity and a blue filter
for high sensitivity. It is also possible to use a filter switch-
ing unit 451 to automatically set a filter 450 in combination
with the sensitivity of the photomultiplier tube 441.

[Embodiment 3]

[0020] The following describes a case involving a spik-
ing luminescent process with reference to Fig. 6. Its
scheme is almost identical to Fig. 5. Important in this
figure is that a spike 691 occurs. The main problem
brought about by the spike is that if an instantaneous
spiky luminescence 691 causes the signal to reach the
signal saturation level 671, the subsequent signal level
would become unstable, resulting in poor reproducibility.
Accordingly, if the system involves a spiky luminescence,
the initial spiky part of the luminescence is measured
while the applied voltage is set for low sensitivity 615 so
that the signal saturation level 671 is not reached even
by the maximum luminescence. The peak spike level 692
is measured and used to predict the subsequent flat level
signal quantity according to a predefined formula. The
detection sensitivity 655 is determined from the predicted
signal quantity. By using a feature 644 derived from the
signal obtained at this sensitivity, a concentration is de-
termined according to the corresponding analytical
curve.

Claims

1. An automatic analyzer, comprising:

a detector;
sensitivity control means for controlling the sen-
sitivity of the detector;
memory means for preliminarily storing plural
sensitivity control values for the sensitivity con-
trol means; and
switching means for choosing from the plural
sensitivity control values stored in the memory
means depending on an object of measurement.

2. An automatic analyzer in accordance with Claim 1
wherein,

the plural sensitivity control values stored in the
memory means are association respectively with
concentration ranges of the object of measurement.

3. An automatic analyzer in accordance with Claim 1
wherein,
analytical curves associated respectively with the
plural sensitivity control values are stored in the
memory means.

4. An analysis system using a photomultiplier tube as
a detector, comprising:

control means for controlling the photomultiplier
tube so that when a spiky luminescence and the
subsequent stable luminance are measured, the
measurement sensitivity is lowered during a pe-
riod around the occurrence of the spiky lumines-
cence and raised after the spiky luminescence
settles to stable luminescence.
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